Background/Aims: To prevent contrast induced renal dysfunction a periprocedural prophylactic hydration is applied. Due to dilution it should cause a drop in serum creatinine concentration (SCR). Surprisingly, no reduction in SCR after contrast admission is found in up to 25% of patients as early as 12-18 hours after coronary angiography/angioplasty. This study aims to find a clinical explanation as well as predict circumstances for this phenomenon. Methods: Retrospective clinical and laboratory data was used from 341 patients who underwent elective coronary angiography/angioplasty, received a prophylactic hydration, and had serum creatinine concentration measured prior to, and 12-18 hours after invasive procedure with iodine contrast administration. To exclude an improper hydration due to no creatinine decrease, the number of red blood cells was analysed as well as hemoglobin and hematocrit in blood donations collected during the study time points. Results: The resulting lack of serum creatinine reduction could be explained by dehydration (measured by increase in number of RBC, HGB and HCT) only in 13.5% , 10.8 %, and 20% of cases, respectively. Any form of abnormal glucose metabolism combined with either baseline serum creatinine concentration <0.87 mg/dL or creatinine clearance >86.77 mL/min, or GFR by CKD EPI >80.08 mL/min/1.73 m2, or GFR by MDRD >74.48 mL/min/1.73 m2 were the predictors for no creatinine decrease at outcome. Additionally, it was demonstrated that the lack of creatinine
Introduction
It is reasonable to screen patients to determine the group of people at high risk of contrast induced acute kidney injury (CI-AKI). Epidemiological studies showed that heart failure (HF), diabetes mellitus (DM) or usage of angiotensin convertase enzyme inhibitors (ACE-i), are considered to be the risk factors for CI-AKI [1] [2] [3] [4] [5] [6] . Additionally Ribiccini et al found that after 12 h after angiography 5 to 10% creatinine shift had high sensitivity as well as specificity in classical contrast induced AKI recognition [7] . In our previous work it was described that up to 25% of patients showed no reduction in serum creatinine concentration as early as 12-18 hours after elective angiography/angioplasty with a concomitant prophylactic hydration [8] . Following this rationale, the present study examines (on the basis of hemoglobin, red blood cell /RBC/ count and creatinine concentrations /SCR/) whether SCR reduction in control tests after 12-18 h post coronary angiography/coronary angioplasty is, despite intense hydration, an early exponent of contrast-induced impairment of renal excretory function or just a cause of improper hydration.
It remains unresolved whether this phenomenon can be predicted on the basis of the assessment of initial renal function or any available laboratory parameters routinely used in clinical practice. In other words, if there are threshold values of parameters which may predict lack of early creatinine decrease. Thus, the second aim of the current study is to identify and characterize baseline renal function parameters and to possibly define their cutoff values at which the risk of lack of early creatinine decrease is clinically significant for the studied group. Additionally, we compare which of the routinely used parameters describing renal function could be the most effective in predicting the lack of early creatinine decrease.
Materials and Methods

Patients and clinical evaluation
Protocol of the study was approved by the local bioethics committee. All of the patients were informed about the procedure and signed the consent forms.
Aanalyses were carried out with data from consecutive 341 subjects admitted for elective, routine coronary angiography. Subjects with acute coronary syndrome or who had acute coronary syndrome less than 5 weeks prior to the study, were excluded, as well as people suffering from heart failure according to NYHA III-IV and also those with reduced ejection fraction, i.e. below 30%. Various clinical data concerning patient's health were collected from existing medical records and clinical examinations.
The characteristics of the subjects is shown in Table 1 . Patients were hydrated intravenously with saline enriched with 0.038 g/100 mL of KCl, 0.0394 g/100 mL of (CaCl 2 ·6H 2 O), 0.02 g/100 mL, (MgCl 2 ·6H 2 O), 0.462 g/100 mL (CH 3 COONa·3H 2 O), 0.09 g/100 mL (C 6 H 5 Na 3 O 7 ·2H 2 O) (Fresenius Kabi, Poland) for a total of 24 hours, including the time before, during and after coronary angiography/angioplasty [9] . All of the patients finished intravenous periprocedural irrigation at the same time, but the angiographies were performed at different points in time of the hydratation procedure. No reduction in serum creatinine was define as any SCR increase in control test (included 0).
Two types of low osmolar contrast agents were used for angiographies: IOMERON 350 ( Bracco Imaging, Germany) and Optiray 350 ( Tyco Healthcare, Germany).
Biochemical analyses
Serum creatinine concentration was determined according to Jaffe's reaction [10] using Roche Cobas C (Hitachi, Germany) /non IDMS method/. Creatinine clearance was fixed according to Cockroft-Gault decrease was more often observed among those patients whose initial renal function was better than in the subjects with reduction of SCR. Conclusions: This observation requires further prospective investigation on extended group of patients. standard deviation (SD). The distribution of continuous data was analysed with the Shapiro-Wilk test. Continuous data were compared by the t-test or Mann-Whitney U test. For parameters that showed significant difference, the receiver-operator curve (ROC) were used. For parameters with the area under the curve (AUC) statistically different from 0.5, proper cut-off thresholds for lack of creatinine decrease in control tests were established with the 'classification tree' method.
For data with binomial distribution, binomial proportion test was applied to compare the data between patients with and without early creatinine decrease at outcome.
Parameters related to lack of creatinine decrease were put to univariate and multivariate logistic regressions. Statistical significance was set at p <0.05. All analyses were performed with Statistica 7.0 (Statsoft, USA) and SPSS-20 (IBM, USA).
Results
Characteristics
The study group consisted of 341 patients aged 60.9±8.6 years, 61% were men, average BMI in the study population was 29.1±5 [kg/m 2 ]. The following numbers of patients suffered from: heart failure 60 (16,8%) NYHA I-II with EF between 50-31%, chronic kidney disease 35 (9,8%), hypertension 292 (81.2%) , disturbances of carbohydrate metabolism (glucose intolerance, impaired fasting glucose and diabetes combined) 153 (42.9%). Previous history [11, 12] formula. Glomerular filtration rate was estimated using formulas of, CKD EPI (Chronic Kidney Disease Epidemiology Collaboration) [13] and MDRD (Modification of Diet in Renal Disease), respectively [14] . Assessments of peripheral blood counts were performed using (Sysmex XT2000i, USA) system. Concentration of urea, uric acid, total cholesterol, triglycerides and high-density lipoproteins were quantified using enzymatic colorimetric method (Cobas C Roche/Hitachi, Germany) with specific reagents. The concentration of low-density lipoproteins was calculated using the Friedewald formula. Potassium and sodium concentrations were determined by potentiometry using Cobas System 6000 (Roche Diagnostics, Germany).
Statistical analyses
The quantitative data is presented as mean +/- Table 1 . Characteristics of studied group Burchardt/Rzezniczak/Synowiec/Angerer/Palasz/Zurawski: Contrast Induced Early Renal Dysfunction of myocardial infarction was present among 126 (35,3%) subjects. The characteristics of the study population with regard to laboratory parameters and medical records, classified by gender are shown in table 1. 55% of all subjects underwent coronary angioplasty. Patients were hydrated intravenously with 1637.4 ± 239.6 [mL] of saline. On average, patients received 110.2 ± 57. 4 [mL] of contrast (during coronary angiography and/or percutaneous transluminal angioplasty). Intake of 1500 mL of liquids per person was recommended to all subjects; the actual intake was not measured.
Administered agents and medications 77.4% of the subjects were receiving angiotensin converting enzyme inhibitors (ACE -i), 11.7% angiotensin receptor blockers (ARBs), 86.2% beta-blockers (BB). Diuretics and statins were given to 43.5 and 94.4% of patients, respectively. Studied subgroups (i.e. groups in which contrast-induced deterioration in renal function was either present or absent), did not differ from each other in terms of pharmacotherapy.
Renal function vs. possible effect of dehydration
Control tests showed no reduction in serum creatinine in 26.7% of all respondents (91 patients). To exclude the improper hydration as a cause of no creatinine decrease the number of red blood cells as well as hemoglobin and hematocrit were analysed in blood donations collected during the study time points. No decrease in either red blood cells count (RBC), hemoglobin (HGB) or hematocrit (HCT) was observed in 46, 37 and 68 patients respectively (13.5% , 10.8%, and 20%). Among patients with no reduction in serum creatinine in control tests, concurrent reduction of RBC, HGB and HCT was observed respectively in 17 (18.6%) 13 (14.3% ) and 24 (25.37%) patients. In the remaining 29 pts (46 pts-17pts) , 24 (37pts-13pts) and 44 (68pts-24pts) with no apparent reduction in RBC, HGB and HCT in control tests, serum creatinine level at the completion of the study was lower than at the baseline.
Comparison of patients with and without early post-procedural creatinine decrease
The comparison of clinical characteristics for continuous data, which differed between patients with and without early post-procedural creatinine decrease is shown in Table 2 . There were 91 patients with no reduction and 250 individuals with a reduction in serum creatinine 12-18 hours after coronary angiography/angioplasty. No influence of media contrast capacity and type of coronary procedure (simple angiography or angiography with angioplasty) on early creatinine shift was observed.
Factors related to the lack of creatinine decrease in control tests
Analysis of ROC curves showed that AUC for baseline creatinine, as well as creatinine clearance by C-G, GFR rate by CKD EPI and MDRD departed significantly from 0.5 with respect to association with the lack of creatinine decrease in control tests. AUC values were comparable for all analyzed parameters and remained within the range of 0.66 -0.69. Cutoff points for parameters associated with the lack of creatinine decrease in control tests.
The following cut-offs were established based on the classification tree analysis: -for baseline serum creatinine: value < 0.87 mg/dL; -for creatinine clearance: value equal or higher than 86.77 mL/min; -for GFR by CKD EPI: value equal or higher than 80.08 mL/min/1.73 m 2 ; -for GFR by MDRD: value equal or higher than 74.48 mL/min/1.73 m 2 .
Assessment of risk for the lack of creatinine decrease in control tests in logistic regression
Results of univariate and multivariate logistic regression are shown in Table 3 , 4 and 5. All pre-procedural parameters describing renal function identified patients at risk for postprocedural lack of creatinine decrease in control tests.
Discussion
Elective coronary angiography and percutaneous transluminal coronary angioplasty (PTCA) are commonly performed in clinical practice. The most common (observed among 3-5% of pts) non-cardiac side effect of these procedures is kidney damage [15] [16] [17] [18] . The acute kidney injury (AKI) occurs when serum creatinine levels increases from the baseline by more Table 3 . Summary of the parameters significantly associated with post-procedural lack of serum creatinine decrease Table 4 . Summary of the results of univariate and multivariate logistic regression analysis in creatinine after hydration often does not meet the criteria for CIN-AKI and therefore may mask the nephron damage. Secondly, failure to meet arbitrarily adopted thresholds for CIN-AKI results in the patient being considered healthy. Therefore, does not require any specific clinical investigation or practice. Fulfilling the temporary criteria (24-48 h) of contrast induced acute kidney injury by patients is even more difficult due to the fact, that people undergoing elective coronary intervention usually leave the hospital several hours after implementation of the procedure. Therefore, the essential SCR increase, which is necessary to recognize CIN-AKI, will occur in these individuals after discharge from the hospital, and thus it is often overloaded [19] . This is important issue from a clinical perspective, because undiagnosed CIN-AKI in 10% of the patients may lead to chronic renal failure, hemodialysis and premature death [15] [16] [17] [18] . Additionally, the clinical criteria for CIN-AKI in the definition do not address the importance of prophylactic hydration.
Hydration and blood loss during angioplasty/ coronary angiography should result in a decrease in hemoglobin level, RBC count (due to both dilution and loss) [1] and a decrease in the level of creatinine as a result of dilution. Thus, the increase in creatinine levels after administration of contrast medium in people who were preventively irrigated, should especially be worrying, for two reasons. Firstly, an increase
The number of CIN-AKI will increase due to the fact that year by year the amount and types of percutaneous cardio-vascular procedures with the usage of CI increase (i.e. PTCA, transaortic valve replacement, thoracic endovascular aortic repair, endovascular aneurysm repair) [20, 21] . Thus, different tools are used for a better prediction of acute renal dysfunction including sophisticated clinical calculators or new biomarkers [20, 22, 23] . The fact that evaluation of serum creatinine or GFR can be a very effective detection method of early renal dysfunction was initially described by Ribichini et al [7] . In the current study we showed that the probability of serum creatinine increase in control tests was almost four times higher when baseline GFR exceeded 74.48 [mL/min/1.73 m2] for MDRD, 80.08 [mL/ min/1.73 m2] for CKD EPI or when CCR was above 86.77 [mL/min]. The cut-off point for serum creatinine was less than 0.87 mg/dL (three fold increased risk for lack of creatinine decrease).
Surprisingly enough, in comparison to the patients with worse or already impaired renal function at the baseline, patients with initially better renal function are at higher risk of no creatinine decrease phenomenon. We are aware that the use of cut-off for SCR in the context of actual risk events assessment should not occur in such a small population like ours. Thus, the values in the group should be interpreted only as the results of the statistical model. However, the results have helped to make these clinical interpretations.
No published reports confirming association of initially better renal function with development of post procedural CI-AKI phenomenon were found in the available literature to our knowledge. However, we found literature showing the existance of the mechanism of direct and indirect (mediated by free oxygen radicals) toxicity of iodine contrast in kidneys [5] . High-osmolar iodine media increase oxygen requirements as well metabolic activity of kidneys and exacerbate imbalance between medulla and cortex, which induces hypoxia [5] . Ischemia is additionally promoted by vasoconstriction and blood flow reduction following administration of contrast, especially in the deeper parts of the outer medulla [5] . We may only speculate that the contrast administration is more dangerous for those with normal renal function, because previously non-toxicitic/ischemic tissue is more sensitive to any toxic/ischemic injury. It is probably due to the well-known but unaccounted for 'ischemic/ toxic preconditioning', that the system is better prepared for ischemia/toxicities [24] . This may also explain why our population with the creatinine decrease during control tests, including older subjects with initially lower GFR and higher SCR, is probably better adapted to iodine contrast administration. However, further studies on extended population are required to confirm these findings.
It was also described that hydratation among patients admitted to hospital may cause the phenomenon of no decrease in the serum creatinine next day, as shown in a control test, but the explanation of these is unknown. The possibility of this phenomenon playing a role in our study was also taken into account [3, 4] .
Can the lack of early decline in SCR be considered as an important marker of renal function deterioration? The notion seems convincing, and it follows simple reasoning. Due to intravenous hydration, patient's intravascular volume increases, resulting in decrease in the creatinine concentration (subject to dilution). This effect should further reduce the negligible blood loss which occurs during angiography. Indeed, our analysis showed that in 89, 87% and 80% of patients final levels of red blood cells count (RBC), hemoglobin (HGB) and hematocrit (HCT) were lower than at the baseline. The creatinine levels were lower in 72% of patients. However, it should be mentioned that among all the 91 patients in whom no reduction of SCR was observed in the control tests, concurrent reduction of RBC, HGB and HCT was reported only in 16 (18%), 12 (13.4% ) and 23 (25% ) cases. In these patients absence of SCR decrease may be explained by an insufficient hydration before angiography. Lack of SCR reduction in remaining patients could be associated with other causes such as contrast-induced renal deterioration.
In addition, we noted a large disparity between the number of patients who displayed no change or even an increase in RBC, HGB compared to those with HCT increase. This is probably due to the fact that HCT measurement depends not only on the RBC count but also on the size of red blood cells. It seems, therefore, that HCT is not an adequate parameter for such an analysis .
Limitations of the study.
The study is single center retrospective [25] . Another important limitation and disadvantage of our study is lack of the serum creatinine levels after 48-72 hours as well as after 30days and 6 month after the procedure of contrast administration. There was no group to compare to, but this project was a pilot for a larger prospective study, which was conducted at that moment.
Formulas were used to estimate the creatinine clearance rate and GFR rather than direct measurements of these parameters. However, these formulas are recommended by contemporary guidelines and are currently used in clinical practice while direct measurement of creatinine clearance and GFR is not commonly performed [3, 4] . Analysed factors (multivariate regression) were the same for all models, although CCR, MDRD or CKD formulas use age, gender or weight in their patterns.
Conclusion
It was shown that the lack of creatinine decrease in control tests is more often observed among patients who have lower serum creatinine, better baseline creatinine clearance and GFR than subjects with creatinine decrease. These facts had not been reported previously in the literature. Precise GFR estimation should be carried out among all patients before and 12-18 h after all cardio-vascular procedures with IC use, because even in spite of prophylactic intravenous hydration, patients may develop contrast induced renal dysfunction.
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